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Titte: "A SYSTEM AND A METHOD FOR PROTECTING AN ELECTRIC MOTOR AND ITS 
CONTROL CIRCUIT, AND AN ELECTRIC MOTOR " 



Th#» pifesent invention refers to a system and method for protecting a combjna- 
5 lion of an electric motor and its control circuit, which aims at detecting possible* technical 
fail* ims thai cause tha current to rise. 

An electric motor bawically comprraao a rotor and n stetlur. in order foe this motor 
to function, that te so 3fty, for tn« rotor lo start moving, voftage i* applied to tht# wtator, In 
riueing ti->e movement ot the rotor. 

10 Usually, th« control of rotation Epccd of the motor is earned out by mcana of 

inverters, which In turn aro formed from Awttutieu, as Tor Instance a MOSFET (tran«istoi). 

The application of electric motors having controlled spfied ie widoeprcad, boing 
used, for instance, for driving oornpjwsisors, household appliances, tr Action, etc. 

Basically, when uaert in permanent- magnet motors without position sensors, 
15 the inverter* are* constituted by a set ot diodes for branching the altornaio vortege, fmm a 
control central that artiMt**. tho switches and a block respor«ibf« for detecting the poortton 
of the ioior by monitoring tho voltages in the pfiMscrc of motor, making e comparison be- 
tween tho monitored values. The control of the motor in carried out by modulating the vort- 
*ge on the phaec otthe motor, which consists In applying and Interrupting the vutmge on tho 
20 phnses at a hiyh frequency. By moans of this modulation, It ic possible to control th« current 
supplied to said phases of Ihe motor, and ono can adjust it at the dweired torque end spe*rj 
lor He operation. 

In the case ot induction motor*, the position detector of the iuiur is not used, 
tho control of speed and torque being effected by modulating tho voltage on the phases of 
25 the motor. 
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In hoth case*;, a centred central ie employed, whir.h is usually u-msti(uied by a 
microcontroller or a signal processor, whUt receives the external command for opAraiiun of 
thft muior and siartino. from the monitonng of internal variables of the motor/inverter (current 
on the motor, posWun of the rotor, etc.), generating command* that supply voitao,© and cur 
5 rent to the motor. 

During tho actuation and tunedo/iiiiy of the motor, the current may undergo 
rises (or surge current) ae a result of a overload nr else as a result ot a short circuit. 

Tho rise nf the L;urr«rrt resulUnc; from a overload do#ts not Im media l«fy enOan 
ger the integrity or the motor and can he r.onti oiled. However, trie current rise resulting from 
10 q short-circuit he* a very rapid action, and so a protection mechanism should bo actuated in 
order to prevent damage to th* motor or the respective control circuit. 



Description Of Th» Prior Art 

The system* and methode for detecting surg* cunwnt in electric motors 
known tram the prior art usually aetuete by ui»ing a predetermined current value, that is Lo 
lb say, fl mBYlmum current vulue ie predetermined, so that \hm motor wfll not do damoc?cc1 and. 
once tn>* value io exceeded. & prater.) ion mechanism Is actuated, protecting the motor or the 
respective control circuit. Howover, this protection m*tt x*J does not enable one to differenti- 
ate whether the current rise results from a overload or from * short-circuil, causing tho pro- 
tection mechanism to be actuated in eitfw situations. 

20 One prior art approach i* disclosed In GB 2 257 YjQ and is related to u circuit 

breaker to shut down the power of an electric motor «*n trw* event of a failure. According to 
this solution, three separate circuits detect u slight-overload, a severe-ovAiio««J or a short- 
circuit am connected to a led panel to indicate the typo of piublem that accrued. 

Another releted prior ait is dwcloeed In US 4 550 2G4. Accurding thle document. 
25 «n etcsutric motor le controlled by measuring II us electric current boing Applied. It is nul fore- 
seen a solution lo protect the motor in ca.se nf an overload or a short Circuit. 

Short Description Of The Invention 

The objective of the present Invention is to provide a system and a methuJ 
for dotcotng the occurence of surge on electric motors and rhs nonUof circuit, which will en- 
00 ehle one to distinguish the occurrence of overload on the mGtor from a short-drcuit, by using 
only a currant detector adjusted to a preferred limit. 
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Thls objective is achieved by means of « system foi p'oteclicy an et&ctrJc 
motor and its control circuit, trie control cf motor speed doing earned out by mfsnas of a sui 
of switches, the system comprising a control central capable of measuring tne eieetiSciry 
conduction time of each ot the switches and to measure the lima passed oetwoon trie ocQin- 
5 ning of conduction of one Of the switches and the occurrarv:n of a surgu, ihe centra) making 
a comparison of said times and b*lng capable of determining whathnr *aid surge cunent 
rcaultd from a overload or from ft si luri-uircuit of the electric motor . 

The present invention also refers to n mAthod for protecting an electric motor 
and its control circuit, the speed control of which tc otfectod by means of a snfr nf switches* 
[0 comprising a etcp ot measuring the electiictty conduction time ot each of the switches, a 
step or measuring the time passed between the beginning nf nonduciion of one of the 
switch *nd the occurrence of a serge current, and a step ot comparing said Limus and 
consequently determining whether saki sure,© current resulte from a overload nr from a 
«rK3rt-circutt on the electric motor. 

15 Tn addition, Hi* present Invention refer© to on olectric mntnr, the speed control 

ot which ic carried out by means of a K*t of switches, the control of said cwitchcs being el* 
fected by « coniiul central that Is capable or measuring thn Alaetriciiy conduction time of 
each of the switches and tn measure the time passed between the beginning of conduction 
of orte of the switches and the occurrence of a surg* cunenl, the central making a compan- 

20 son of liiw vaid times and being capable of determining whether suHJ surge curront reeulte 
from e overload or from a ihorl-circuit on the Cloctrio motor. 

Brief Description Of The Drawings 

The present invention will now be described in greater detail with ref«r*nee to an 
embodiment r« presented In The drawings, in which: 

Ito - Figure 1 represents a schematic diagram ot- sipeed control circuit of the 

motor and of the surgfr r.unent delevtor according to the present invention; 

- Figure ii ohows a temporal diagram representing the Dohovtor ot the cunent in 
a overtond current situation; 

- Figure 3 shows n temporal diagram representing the behavior ot thft current hi 
30 a shoi l-circuit situation; 

- rigure 4 represents a flow-diagram of the method according to the present in 

vemion. 
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Dftiaiied Description Of Tho Figures 

TIib system lor protecting an cloctric motor and its nnntrol uiicuit according to 
the present invention basically comprises a eurgo current detector 3. adjusted to a deter- 
mined current limit. 

Figure 1 schematically i/lustrates rh* moLoi 1 arid the respective circuits for its 
control 2 and feeding. According to a preferred embodiment of the present invention, trie 
moior 1 described will be ot the three- phas** type, which dooe not prevent the invent™ hom 
rming applied to another type of electric motor. 

Aa can be se«n from figure 1, the motor 1 and its control circuiL 2 are fed by a 
source supplying alternate vnltage that will be rectified by a cot of diodes D and Filtered by a 
cfcpudtor C,. A eet of ewitches CM - ChC is responsible for the modulation of tho voltarjft nn 
the pha**5 F„ F tf and F a of the motor 1. The control of the s*\ of switches CM - Ch6 ic car- 
ried out by a control contra! 7. 

Tr» detectfon of curge current n cnn-tecl out by means of a eurgc current de- 
tecting circuit 3 that is connected to the control central 7, which m««*ures the current I* that 
flows along the circurt through the rector Ft*, Hint is to say, the current that flow* trough the 
switched CM -Che. 

As illustrated in figure t, the reeietor H. is instaJled In a position of the circuit 
[>«t aflows one to read tho current l M flowing through phases F„ F„ and h a ot the motor, i>,» 
20 current Ine basically representing the current lu. 

Iho control central 7 emili* commando for closing and opnriiny the 5W itch9C 
CM - Ch6, beside* receiving external Information, such ay the signal D,. for inatane* The 
eignoi L>» i* generated by th« surge current detector 3, wh«n a predetermined value 
(current limit) is exceeded. 



15 
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The eur 9 c current detector 3 comprises an operational amplifier mounted a* 
a voltage comparator Co, the inlets of which ere f«d with voltage* "£-- and *£+\ wherein 
"E l " to tho vortaoa of rrm first terminal of The reetetor rV, nnd "C-- to the vollHy* of the other 
terminal of this rector plus an enaimttolty constant voltage, dcflnod by the vaH»rj» dv 
vider l u and R B . The +V 0 voltage is a constant 

The r«Mor R f causes lha voltage variations on the resistor R 2 (reprinted 
by the current U of the motor) to h* arkied the constant voltago defined by the rwistor€ 

R A *nrl R 0 , 
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For a situation in whir.h ih« current 1 M flowing through the -noior I \b cIogo to 
7«ro, the voliaye 'E-" b higher than the voiiayt? "E T ". Thus causing the rxrttet D G of the volt- 
age comparator Co to b9 at "low" level. 

When thrt ciirrunt though tho motor 1 rises Above a luwr limit dcttnod by the 
5 imlsiors R A , Rh and R lt tho voHarj* in the mlwt 'E- u becomes 'ower fh*n Uw vo;tago in the 
inlet correRpnndiny to a current valuo beyond the admissible limit that jg to a«y, above Utw 
luMrr limit, thuo characterizing the detection of aurge current- In this situation, the outlet of thn 
nomuHnator Co paesca trom "low" lavel to 'nilgrr level, signaling rh* occunency of eurgo cur- 
rant to the control ewrrtral 7 by means of He. 

10 The differentiation between a overload and a arfort -circuit is made hy meas- 

uring uiu rise variation time erf ihe uurwrt f^, i.e., In the event of overload, rhe current rise 
occurs gradually, laWng a relatively long period of lirno, until the Iumtt value is reached, 
whereas in the case* jvheti the motor 1 cntore into ahort-ciicult, the | I)MIT value is reached 
much more rapidiy* thus onabfing one to detect this kind ot failure by measuring the tirno. 

1 5 As ulrwady known from the prior Bit, the speed control is carried out by insane 

of switches CM - Chfi and, a* illustrated Jn figures 2 and 3, ihe switchee Chl,Ch4 conduct 
electricity for a determined period of time T 6 that vartoa depending i ipon the lotation epced to 
be impoaed to the rnolot 1 . 

In order to determine by means of iho control centra/ 7 whether the kind of 
20 toUum nr> tho rnoivr I reoutta from a overload or from a ehort-circuit, th* present Invention 
foresees the T c -timft and TVtlrne measurement. The Ttf-Umw is counted from rh* bediming 
of the conduction of the switches Ch until the moment when the current hae reached the 
Tuwt valim, thai is to say, when the surge cut l ent occurred (see tigurns 2 and 3)* The T n tme 
le the time ot conduction o1 tho ewitchoa Ch and dnpends upon the crtuotfon of motoi opera- 
2f3 Hon (basically speed and load). 

Figures 2 and 3 represent the temporal diagrams ot th* situations of ovenoad 
and short circuft, respectively. By comparing the two diagrams, one con aeo in detail that, In 
fh« whort-clrcutt cihjation, the cwttml 1*3 reacnee the 1 l **t value In much chorter Id ttme 
when compared wi lit the T rt tJme in the overload situation. 

30 As can be seen trom figure 4 schematically, the criterion ur^d for determln.no, 

whether the surge current results from a overload or from « short-circuit depend* upon a 
relation h*twwun tho T„ and r 0 time*. Thus, when the relation T d < T c . k is true, this means 
mat tho motor 1 is in short-circuit, and when tha relation is false, tho menni that the motor 1 
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fras undergone a overload. The fneflsurtHiiani of the T„ and T c times, a* well as iho =om- 
pari?inn between \Ym ruspecTlvc values is carried out by if wans of the control central 7. 

The value of the constant k ie a fraction or portion of ih« T c value (beino a 
number between 0 and 1), and defines the limft for the distinction of th« kind uf failure tnai 
5 ocrjjrr&d um the motor l. and may vary dependiny upon the type of motor 1 in use, in addi- 
tion to the protection level to ba given to the latter. 

For instanr.*, if the value of k le 50% (or 0,5) and if U>e T a tlm© »e short 
(shortm than 50% of T c ), this means that thn motor 1 is in short-circuit, and it is necessary to 
add eoma promotion mechanism In ordor to avoid rkimage lo said motor 1. In tho cases 
10 when Tj le longer Itonfjer Hv*n or equal to 60% of T e ), this m^ns that Um» motor 1 hee un- 
dergone a overload. 

Reside** enaDJIno one to differentiate the kind of failure occurred on the nwtor 
1 or on one of the switch** CM - ChS, the procent invention further efiables one to estimate 
the valuo nf ihe surpe that occurred on thft motoi 1 by «valuatfng the proportion T/T c - 

15 A preferred embodiment of tho mvontion having been described, it chould 

understood that tho scope ot the present invention embraces other possible variations, being 
limited only hy tlie contents of the accompanying clain*. the posetolo equivalents beiny In- 
cluded therein. 



